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l\To assist in the evaluation of proposed structural inspection programs for
z conmercial jet transport aircraft, a logic was developed to simulate structural
! defects, failures, and inspections. This logic was incorporated in a computer
k program entitled Structural Area Inspection Frequency Evaluation (SAIFE)., With the
| objective of quantifying the evaiuation process currvently used to establish and
£ . modify inspection intervals, SAIFE accounts for the following factors: (1) afreraft
design analysisy (2) fatigue testing: (3) production, service, and corrosion de-
fects; (4) probability of crack or corrosion detection; and (%) atvcratt modifica-
tion economics. As a five-volume document, this veport covers the initial contract
effort plus a subsequent parametric analysis as follows: Volume(l (entitled Uxecu-
tive Summary) presents the SAIFE logic and documents the methodology tor the de-
cision-making processes in the simulation togic, Volume 1T (entitled Description of
Simulation Logic) details the SAIFE simulation logic, presents the backuround data
for the analytical functions and decision-making processes, and includes data tor a
typical simulation problem, Volume (111! (entitled Demonstration Input, Inspection
Survey, and MRR Data) presents data tabulations devived from historical trends and i
design input data for a SAIFE demonstyation problem, As the user's manual for the | i
SAIFE computer program, Volume (IV. (entitled Software Documentation and User's Man- i
ual) contains detailed computer logic flow diagrams and a complete Tisting of the ;
program which is written in SIMSCRIPT I11.5. Volume V presents the results of the ' ;
program application to a hypothetical aircraft and compares these results with the i
service experience of operational aircraft. g !
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PREFACE

Technology Incorporated preparved this titfth volume of a
five-volumo report to Jdocument the simulation logic tor the
Structural Area Inspoction Froguoncy livaluation (SAIFE) in
accordance with Article I1, pavagraph B of Contract DOT-
FATAWA-3493.  (Volume V ulong with Volume IV completes the
requirements of Phase 111 of the contract.) The effort is
sponsored by the Airvcratt Safety and Noise Abatement bivi-
sion, Systems Rescavch and Developuent Service of the
Foderal Aviation Administration,

The principal Technology Incorporated pevsonncel cnpaped
on this program wore My, Cartor J. Dinkeloo, project enpl-
wouor, who served as principal investigator; My, Mavtin S.
Moran, rescarch ongineor, who Jdeveloped the wmodel for the
SAIEE computer program: mwmd Mr, Ronald 1. Rockatfellow, pro-
gram mannger.,

The contract monjtors for the FAA were Messrs, livrbert
Spicor and Charles Troha of the Airvevaft Safety and Noise
Abatement Division. The technical monitor was Mr, Arnold U,
Andorjaska of tho Flight Standavds Division,
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L. INTRODUCT1ON

[t is the mutual goal of the FAA, airframe manufacturoers,
and air carviers to constantly improve the structural integrity
and inspection efficiency of civil aircraft. The good safoety
record of U.S, air carriers indicates that the current process of
establishing and modifying structural inspection programs has
been successful. However, with the increasing size and comploxity
of second- and third-generation transport aircraft, there is a
need to quantify more precisely the present subjective evalua-
tion process which relies heavily on reliability analyses of the
new design and on operational experience ot similar aircratfe,

Because of the extreme complexity of the evaluation process,
a computer simulation of all critical aircraft scrvice life as-
pects was judged the most rational means for quantifying the
process more exactly., As a five-volume document, this report
documents the resultant Structural Arca lnspection Frequency
Lvaluation (SAIFE) simulation logic., SAIFE accounts for the fol-
lowing factors: (1) aircraft design analysis; (2) component and
full-scale fatigue testing; (3) production, service, and corro-
sion detects; (4) probability of crack or corrosion detection;
and (5) aircraft modification cconomics, It treats these factors
in a logical sequence that realistically represents the procodure
currently used to establish and modify lnspection intervals,
SALFE 1s designed to provide a repeatable method for evaluating
proposed inspection programs. lowever, it is not intended to
supplant the Maintenance Review Board or the air carricer use of
the Standard Operations Specification - Aircraft Maintenance.

As Volume V, this volume presents the results of a SAIFE
demonstration, namely, the SATFL application to a hypothetical
afirceratft, and compares the results with the scrvice experience of
operational aircraft, In this demonstration, all routines and
events in the SAIFE program were exercisoed, The subscquent
comparison revealed that the SAITFE output is realistic., The
Appendix to this volume presents the results of the parametric
s tudy .,

.
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1, EVOLUTION OF DEMONSTRATION STAGES

L. Objectives

The SAIEFLE demonstration was designed to exercise all the
events and routines in tho software program and to permit detor-
mining whether cach routine and event would function as intended.
To this end, input data was formulated for a hypothetical air-
cralft, a hybrid of the B-747 and DC-10.  The input data defined a
flecet of aircratt with approximately the same production rate,
{fleet size, and sorvice lite as the B-747,  This data also de-
fined 1309 clements tfor cach aiveraft in the tleet, These ele-
ments included all the basic airvceraft component types such as
spars, stringers, and {frames,

The demonstration was also intended to determine whether the
SALFE togic produced vesults which would be realistic when com-
parved with the actual service history of jet transport airveraft,
The realization ol this scecond objective led to four scparate
stages during the demonstration task, The last three stages are
characterized by changes in the SALEE logic and/ov alterations to
the Jdemonstration input data,

2. Initial Demonstration Stage

The initial domonstration started with the logic and input
dita submitted in the draft version of Volumes 1T and 111 of this
veport,  The logic and input data had been reviewed prior to the
start ot the demonstration., lHowever, becuuse of the complexity
of the logic and the volume of input data, scveral unanticipated
problems were encountered when the initial demonstration output
was reviewed, This review was conducted after 3-1/2 percent of
the elements had been processed.,

The most obvious problem was the extremely large number of
cracks that were occurring on cach element, An investigation of
this problem vevealed several contributing factors. The first
Factor was the large tlect being evaluated, 1000 aiveraft, and
the long service life, 00,000 flight hours, of cach aircraft.
Since the resultant total exposure off 60 million {light hours was
much greater than that of any one fleet now in service, the
corresponding number of c¢racks in theisample tfleet appeared to he
excessive, The obvious solution to this problem was to reduce
the number of airvcraft in the fleet and, thereby, reduce the
‘otal fleet flight hours, R

\

A further review of the input data yevealed that there were
twvo additional factors causing the large wumber of cracks. Both
ol these factors contributed to an unreallstically low fatigue
Lite for most clements., Of the latter twosfactors, the first was
the relationship between the predicted and the actual fatigue
lite., Since the relationship used had been developed in the
carly 1900's, it was considered too conservative in the light of
improved analysis techniques, S,
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The second ftuctor causing unrealistically low fatigue lives
was the predicted lives used as input to the program. Although
a these lives were taken from data on wide-body airveraft, it was
o discovered that the dosign 1ife rather than the prodicted mean
life had been used ux input. When the mean 1ife, which is much
greater than the desipgn life, was used uas input, there was con-
siderable increase in the fatigue livex of tLe clements,

During this review it was also determined that the SAVEE
g logic should inctude the oftects of sampling inspections ut
. overhaul {(D-level).  Beeause of the limited time available to
make this change, it was dotermined that reducing the probabitity
N of detoct detection would be the rost eoffective means of simulat -
ing the sampling ettfect, In addition, an optional output tormat
was neoeded to provide more specitfic information on the cvents y

R ‘ that lead to structural failures. Such a tormat had been used }
Y carly in tho development program but was later omitted because of _—
N its excessive output volume. Conseguently, it was decided that o
X this format should be restored as an option atong with the capa- oo
%y_ bility of selocting aireratft numbers and clewments to reduce the ;
£ vo lune., L
£ P
P 3.0 Second bemonstration Stuge o
é; Prior to restarting the demonstration, the following chanpes b
5_ wore made to the logic and the input data: :
b . . . .
H w) The number of aireratt in the tleet was reduced trom
HIE 1000 to 500,
&
ﬂ' b) The relationship between tie proadictod and the actual
B fatigue tite was revised to yield statistically higher .
E@ actual tatigue lives, )
il .
i ) All predicted tatipue tives in the input data were E
changed trom desipgn life to predicted mean life. 3
. C \ . ki
N The pervcent reduction tn inspection intervals was in- :
creased appreciably to provide more rvealistic changes, '
0) The lowest internal inspection level tor cach olement :
wis reviewed and, wherever required, revised to a :
higher level. )
£) Logic to account for the eftfect of sampling inspections Y
was added.  This logic reduced the probabilivy of de- "
. fect detection in divect proporvtion to the pevcentage g
of the fleet beoing sampled. 1y
After processing 30% of the elements, the output data was .
roviewed, This veview voveated that the torvegoing chanpes had
successfully reduced the number of cvacks but that the number of
failures was still unroalistically high, This problem was at-
tributed to two factors: First, the sampling logic tor the D- _
lovel inspection had appreciably reduced the number ot crvacks :
t
2
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detected at this level. Second, the SAIFE logic did not allow a
crack that originated internully to eventually appear externally.
Therefore, the defect was never exposed to lower level inspec-
tions as it would be in a real world situation,

Conscquently, it was decided to change the logic for the
sampling inspections in order to improve the number of defects
detected at overhaul but not to make any changes concerning the
sccond factor at this time. [t was felt that making too many
modifications at one time would make it difficult to determine
the effect of cach modification on the output.

The review of the sccond demonstration stage output also
vevealed that the intervals for the C-level and D-level inspec-
tions were frequently as low as 10 {light hours. Since the pro-
gram criteria tor reducing inspection intervals arve applied only
to the C-lovel and D-level inspections, this resulted in C-level
and D-level inspections occurring more often than cither A-level
or B-level inspections.,  To prevent this, it was decided that
minimum C-level and D-level intervals should be established.

+o Third Demonstration Stape

Before apain restarting the demonstration, the following
chanpes were made to the logic:

a) The sampling logic was revised so that only designated
aircraft were inspected. However, the probability of
detecting lavge defects on these designated aiveraft
could approach 994,

V) The interval for cach ol the inspection levels was sot
0 that it could never he less than the initial inter-
vill of the preceding inspection level. For example,
the D-level dnspection interval could never be less
than the intticl C-level inspection interval, that is
1000 hours,

The results of these changes were apparent after processing
only 13% of the elements., Although the minitmum inspecrion inter-
vial produced the desired effect, the revision of the sampling
inspection logic not only did not reduce the number of structural
Failures but, in fact, increased the number slightly.

Conseqgquently, it was decided that the sampling inspection
logic used in the second demonstration should be restored and
that other logic be added so that cracks originating internally
would cventually be detectable externally.




§. Final Demonstration Stage

Before restarting the demonstration for the final run, the
following changes were made to the logic:

- a) Cracks that originated internally wecre allowed to ap-
3 pear externally when the crack length equaled the
b critical length.

L b) The sampling inspection logic used in the second demon-
stration svage was restored. This lopic reduced the
probability of defect detection in proportion to the
percentage of the fleet being sampled.

{ ¢) The detailed output format that had been previously
; -~ used was restored as an option for the final demonstra-

i tion.

The demonstration output resulting from the final SAIFE
logic and input data is detailed in the following section,

6. Reviscd Program Demonstration Stage

The appendix includes a complete description of the results
and analysis from the parametric study.
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111, DEMONSTRATION RESULTS

L. Analysis of the Final Domonstration Stage Output by
ITemont Type
Sinco both the SAIFE demonstration output and the MRR/SDR
service history data are oxtremoly voluminous, this report pre-

sents only summary tables of the most pertinent facts., Table |
lists the 21 olement types analyzed in the SATEFE domonstration

along with the following information:

a) Reterence to & tollowing table that contains morve
detaited, but still summarized, data, including the
number of cracks and corresions detectaed at ecach in-
spoction level, the number of production and scervice
defects, and the number of fatlures and Fail-safe
dumage occurrences,

b) The ratio of the number of cracks detectoed in the SALFR
output to the number of cracks veported on MRR/SDR's,

¢) The number of structural failures per million tlight
hours proadicted by SALER,

d) The ratio of the number of tfirst cracks occurring to
the number ot cracks detoctod by SALEE,

When comparing the service history with the SATFE domon-
stration output, tour tfactors that aftfect the two data sets auast
be considered.  The net vesult of these factors should be wmove
defects, in the SATFE output than In the scervice history, OF
these four factors, the fivst three increase the numbor of de-
Fects presentaed in the demonstration output, but the tourth
decreases the number of defects.  The four tactors ave as follows:

a) The MRR/SDR data represents generally the Civst hatf of
the sorvice life of airveraft because the data were
collected trom the U8, air carvier leet while the
SATEE outputr reopresents the entire sovvice life of all
the aircrafe in a given {leet,

) Not all atveratt defects ave veported in the MRR/SDR
doacument s,

) The servvice history is buasoed on narrvow-body wirvcraflt

which have f{ower clements than the hypothetical wide-
body aircraft used in the demonstration,

d) Improved analysis techniques, design critevia, and
manufacturing methods should result in fewer detocts on
the wide-body airvcrat't represented in the demonstration
than on the navvow-body aiveraft veported in the MRR/

SDR's,

6

e at TR EOSPRCY P LI WU AT N N
S ALTEL et A g B

R i i, S, L

AR P S o e
i, ot e ] e o L i T e R Ty ot




£s°% 00°¢C €170 z
0s°1 08°0 LE7D (44
61°1 G0°0 $€°8 12
LS°1 00°D S1°0 0z
8.°1 00°0 06°1 61
6’1 00°0 A A% 4 81
19°1 9070 €8y A |
S5°1 00°G $6°8 91
9°1 00°0 9¢£°9 s1
P go°¢ 1£°1 ¥I
¥8°1 00°0 s8°¢1 £1
81 0679 8¥°0 [4!
£0°C 0070 oy IT
€e°7 £0°0 Z6°1 01
st ¢ 070 ZZ°Z 6
0072 40°0 LI 8
t£T701 0079 £€s°0 L
1Z°1 01°0 29 4 9
LY°6 00°¢ i870 S
99°1 00°0 90°7¢ ¥
9°1 00°0 91°¢ £
P23123333Q sxydel1) sinoy 3IYITid SYOe1) YIS/ AR “ON 214e]l
\Nﬁdtﬁuuc s$ydea) i1sitd VOITTITH X34 Jsaoei) I4IVS IJUIIIFIY
{?) . sainitey (4 (ej
341vs
)

S1TNSTY NOTIVILISNOWIQ JJIVS 10 XYVWHNS

piesic} ‘weaq astTmueds -
131090 “‘meaq astmueds -
332 ‘weaq asimueds -
piemio3y ‘za8urils -
193u9> *198urils -
23e ‘193utiys -
no1I1D3S 123ud) Bury
piemioy ‘1afurils -
123ua> ‘1938utilys -
13e ‘*‘aa8utils -
piemiol ‘ieds -
1231uad ‘i1eds -
332 ‘ieds -
JWe13 ssaddoe - July
do3 ‘193urajs -
ap1s ‘1aduriys -
®o0330q “1adurils -
do: ‘owmeij urewm -
IPpIS ‘IWMely uiem -
wo330q ‘swWely urem - 2Fefasng
JWEIJ MOPUIN
swel3 1oog

2441 3JuUaE313

‘T 474V1L

bl




In column (b) of Table 1, the ratios of the number of cracks
detectod in the SATEE output to tho number of cracks reported on
MRR/SDR's vary widely, For 14 of the 21 element types, the
ratios are preater than 1,00, which is the expected result in
view of the four factors affecting the comparison of the two data
sots,

Of thewe 14 cloment types, two have ratios larger than would
be expected.  Por the first clement type, WINDOW FRAMES, the
fatigue lives in the SAIFE input were apparently underestimatod,
althouph the available manutfacturers' data were reviewed thor-
oughly before the final demonstration was initiated. For the
second olement typo, WING - SPAR, CENTER, tho ratio is under-
standably high since only about 25% of the alrcraft reported in
the MRR/SDR's have center wing spars,

For the romaining soven clement types, the ratios are leoss
than 1,00, These ratios indicuate that eithexr the fatigue lives
of the elemonts were overestimated or the lowest lovel of in-
spoction was incorrect and consequently not enough cracks werve
dotectad by the SATEE logic, ,

The faulture data presented in column (¢) of Table 1 is
ditficult to analyze bocouse of the extremely low probability of
4 fuilure actually occurring in service. lHowever, the complete
lack of Tatlures in the wing elements is notable. ‘There have
been ut least two instances of wing spar tfailure on turboprop
alreraft in the las® 10 years., While the aiveratt simulatod by
SATEE was a turbofa, and not a turboprop, the two dosigns are
similar enough to cxpect that some wing failures would have
occurred in the demonstration. Although the oxtremely low tail-
ure rate, one or two failures per 00 million flight hours, mukes
it impossible to dotermine whether or not the model is not tunc-
tioning properly, several reviews of the model logic during the
Cmonstration indicated that the model was performing as designed.

Finally, column (d) of Table ! lists for cach ¢lement type
the ratio of the number of tirst c¢racks oceurring to the number
of ¢racks detected, This Jdata cannot be comparced with the ser-
vice history since aiveraft retired from sevvice are rarely
inspected to obtain this type of data. The ratios are between
1,50 and 2.33 except for two cloment types whose ratios are 9,47
and 10,13, These high ratios are attributed to a combination of
three tactors: relatively short fatigue lives, slow crack growth
rate, and long critical crack length. This combination results
in many cracks occurring during the service tife of the aiveraft;
but since these cracks remuin small for a lonyg period of time,
they are difficult to detoct.
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’I 2. Analysis of the Final Demonstration Stage Qutput by
Tnspection level

The numbor of cracks detectoed per million f1ight hours at
each inspoction level along with the associated percentage of
total cracks is presentod in Table 2 for both the SALFE and the
MRR/SDR datn, ‘The MRR/SDR service history shows that as the
inspoction level progresses trom preflight to overhaul, the
percentage of cracks detected increases, This progressive in-
crease can be attiibuted to the largor portions of the airveratt
being inspected and the increasing probubility of detection
associated with the higher inspection levels,

j& : The SAIEFH data shows a similar progression except for the
Ly overhaul inspoction level., The docreaso in the percontuge of
i crucks detocted at this level can be attributed to the method

usod in the SAIFE logic for ~onducting sampling inspections at
the overhaul level. This method sots the maximum probability of
dotection equal to tho sampling percentage; that s, it only 25%
of the fleet is inspocted at the overhaul inspection, then the
wax bmum probabitity of detecting cracks, on u {leet-wide basis,
ls only 25% of the orviginal maximum probability, The problem is
complicated by the fact that the maximum probabilities of do-
tection for the lower inspoction levels are based on the total
number of cracks detectod and reported in MRR/SDR's,  These
cracks include those reported from ovevhaul inspections which
were conducted on a sampling basis, It, thorefore, appears that
the effocts ot sampling inspections may be accounted tor twice in
SATER or, alternatively, that those effects wero not corvectly
accounted for in the data for the lower level inspections,

Tables 3 thrvough 23 compare the SATFH demonstration re-
sults with the MRR/SDR data lar cach of the element types.,  in-
clhuded in each table is the SALEFE summary output for that cele-
ment type.  In addition to the summary output, some of the
tables contain SATFE output tfor specitic element stations,

Table 9 containsg the SALEE output for the FUS-STR-SID sta- \
tions 1oo0, 1760, and 1940.  Each of these stations on vortain
alreraft had cracks which grew to the fail-safe crack length

during the service life of the airveraft, Since some aiveratt 3
had structural failures because of the cracks at stations 16060 _
and 1940, Tahle 9 includes the SATEE "long list" output tfor both B
of these stations. This output tracks the structurel history of %
alrcraft with elemont fuilures. r

Of all the FUS-STR-SLID stutions, station 1700 had the |
largest number of fivst crack initiations, namely 53, which can 2
be attributed to its initinlly short ACTUAL AVERAGE FATIGULE LIFE, j
This short life (less than two times the aircraft service 1ifo) -

caused the production modification, J
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Table 10 contains the SAIFE output for the FUS-STR-TOP
stations 1080, 1160, and 1760, Stations 1080 and 1160 on cer-
tain aircraft had cracks which grew to the fail-safe crack
length during the service life of the aircraft. Table 10 also
includes the SAIFE "long list'" output for stations 1080 and
1300 since aircraft sustained structural failures because of
cracks at these two stations. Station 1760 is included in
Table 10 because it had the largest number of first crack ini-
tiations, namely 52, As above, this large number can be at-
tributed to the initially short ACTUAL AVERAGE FATIGUI LIFE for
station 1760, Again, this short life caused a production modi-
fication.

Table 10 contains the SATKL output for the WNG-STR-LSC
stations 0294 and 0669, Although the number of crack initia-
tions at station 0294 was relatively small, this station had.a
sufficiently lurge crack occurring early enough in the simula- .
tion to prompt a retrofit structural modification because of
economic considerations.  Of -all the WNG-STR-LSC element sta-
tions, station 0669 had the largest number of crack initiations,
namely 64, Again, this large number can be attributed to the
initial short fatigue life and caused a production modification. .

3. Lo_pa ison of Rthltb from the Four Demonstratlon
Stage‘OutEuts : ‘

Tables 24 through 27 cdmpére the four demonstration stage
outputs for four element types'

Llement | ' Tdhlq

Door frame ' 24

Wing Center Section

- spanwise beam, aft 25
- spanwise beam, center 26
- spanwise beam, forward 27

The comparison of the results of the first two demonstration
outputs shows the effects of reducing the number of aircraft in
the fleet by a factor of 2.0 and increasing the actual fatigue
life by a factor of 3.3,

The comparison of the results of the second and final
demonstration outputs shows the effects of introducing sampling
inspections in the overhaul inspection logic and of allowing
cracks that originated internally to appear externally and then
become subject to inspection at a lower level.

10
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SUMMARY AND CONCLUSIONS

With some minor refinement changes, the SAIFLE model can bo
used by the FAA, air carriers, or aircraft maonufacturers to
conduct the following types of evaluations: (a) Desipn -
the effects of changing fatigue life, corrosion resistuance,
or crack growth on design, (b) Cost - the effect of in-
creasing cost on modification versus repair decisions, and
(¢) Operational - the relative effects of increasing the in-
spection interval or of changing the inspection of indi-
vidual elements from one inspection level to another.

Of the 21 clement types summarized in the SAIFE demonstra-
tion output, 14 had ratios of SAIFE cracks to service his-
tory cracks that were within the oxpected range, that is,
greater than 1.00, Of those 14 clement types, 2 had ratios
that were too high to be realistic. The remaining seven had
ratios that were considerably loass than 1,00,

The SAIFH model is slightly unconservative in predicting
failures; that is, it predicts too few structural failures,

The SAIFE and the service history data for the percentage of
cracks detected at each inspection level do not comparve
well, This discropancy is primarily due to the method used
in SAIFE to account for the sampling effects at the overhaul
inspection,

During the studies conducted for the preparation of Vol-

ume II, it was noted that phenomena related to corrosion,
production defects, and service damage are not well docu-
mented in either MRR/SDR's or analytical studieos and that
they consequently require further study.
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TABLE 2 COMPARISON OF CRACKS DETECTED AT EACH . 7
INSPECTION LEVLL PER MILLION FLIGHT HOURS
SAIFE MRR/SDR

Cracks $ of Cracks ¥ of

' Detected Total Detected Total

‘%Q Preflight 23.58 1.1 2.87 4
13 Service  56.97 26,7 7,93 - 11.8 g
i Phase 80.26 37.6 10,94  ° 16.3 © }
it overhaul 26,15 12,3 24,21 36.1 5
i N o | | %
Special 26,23 12,3 21,14 ‘ 31.5 .

Total 213.19 100.0 67.09 100.0
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i TABLE 3. DEMONSTRATION RESULTS FOR DOOR FRAME
%; ' Defects Per Million Flight llours
» 7 ‘ SAIFE MRR/SDR
;k : Cracks Dectected '
: Preflight 0.53 0.16
2 Service 0.60 0.08
; Phase 2,63 0.93
: Overhaul 0.13 . 0.55
Special 0.00 0.08
Total 3.89 1.80
Corrosion Detected
Preflight n.47 0.00
Service 0.30 0.06
Phase 1.00 0.12
- Overhaul 0.00 0.12
' Special 0.00 0.00
v Total 1.77 0.30 i
g Fail-Safe Damage 0.00 0.02 :
i Failures 0.00 - i
i, Service Damage 0.27 0.15 ]
| Production Defects 0.00 0.00 :
!
|
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? . TABLE 4, DEMONSTRATION RESULTS FOR WINDOW FRAMLE

Defects Per Million Flight llours

SAIFE MRR/SDR
Cracks Detected
Preflight 0.00 0.06
Service 5.17 0.06
Phase 21.40 0.12
Overhaul 3.20 0.67
Special 5.17 0.18
Total 34.94 1.09
Corrosion Detected
Preflight 0.00 0.02
Service 0.03 0.00
Phase 0 20 0.02
Overhaul 0.03 0.02
Special 0.00 0.02
Total 0.26 0.08
Fail-Safe Damage 0.00 0.02
Failures 0.00 -e--
Service Damage 0.93 0.18
Production Defects 0,13 0.00
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TABLE 5. DEMONSTRATION RESULTS FOR FUSELAGE - MAIN FRAME,

BOTTOM
g
b Defects Per Million Flight Hours |
b SAIFE MRR/SDR |
ig ‘ Cracks Detected
3 Preflight 0. 20 0.57
Service A 0.23 0.67
Phase 0.20 - 0.47
Overhaul 2.57 1.53
Special 0.00 0.38
Total ] 3.16 3.02
‘Corrosion Detected
Preflight . . 0.03 - 0.34
Service 0.00 1.10
Phase 0.00 0.41
Overhaul 0.10 1.99
Special 0.00 0.55
Total - 0.13 739
Fail-Safe Damage 0.00 0.22
Failures 0.00 R
Service Damage 1.03 0.44
Production Defects 0.20 0.06 |
b
b
B
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TABLE 6. g¥ggNSTRATION RESULTS FOR FUSELAGE - MAIN FRAME, i
‘ ! . ) ;
¥ Defects Per Million Flight Hours ,§
= SAIFE MRR/SDR -
'5? Cracks Detected jé
Preflight 0.00 0.34
Service 6.70 0.69
2 Phase 9.00 ~0.76
‘- Overhaul 4,97 3.57
3 Special 5.57 0.69
23 Total 26.24 6.05
8 Corrosion Detected %
l 2
2 Preflight 0.00 0.00
g’ Service 0.00 0.07
F Phase 0.03 0.07 _
Overhaul 0.13 0.54 T
Special 0.17 0.07 R
Total 0.33 0,75 ’
| Fail-Safe Damage 0.07 0.04
Failures 0.10 -
Service Damage 0.77 0.33
Production Defects 0.13 0.15
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TABLE 7. DEMONSTRATION RLSULTS FOR FUSBLAGH - MAIN FRAML, TOV

Defocts Por Million Klight Hours

ST PRSP SRS - R

SALEK MRR/SDR
2 Cracks Dotocted
- preflight 0.00 0,00
B Service - 0.00 N
‘8 Phase 0.60 - 280
; Overhuul 2.37 1.57
i Special 0.00 1.14
l Total 2.97 B.87
il
§ Corrosion Dotected
1
: Praflight 0.00 0, 00
Service ¢.00 0,00
Phase 0. 00 0.00
Overhaul 0.20 0.00
Special 0.00 0,00 5
Total 0.20 0,00 .
Fail-Safo Damagoe 0.00 0,00 % ]
Failures 0,00 Sy L
Service Damage 1,03 0.0 o
Production Defects 0.20 0.18 P
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TABLE 8., DEMONSTRATION RESULTS FOR FUSELAGE - STRINGER, BOTTOM

Defects Per Million Flight Hours
SAIFE MRR/SDR

Cracks Detected

Preflight 3.63 0.87
Phase : -2.67 0.47
Overhaul o 2.40 1,58
Special v 3.97 0.38

. B

Total 15.87 3.62
Corrosion Detected ' '
Preflight 3,13

0
Service 2.07 N 1
Phase 0.77 - 0
1
0

Overhaul 1.17
Special 0.57

Total 7.71 4.39

Fail-Safe Damage -~ 0.00 D.22
Failures 0.00 .-~
Service Damage 0,63 0.44
Production Defects 0.13
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TABLE 9. DEMONSTRATION RESULTS FOR FUSELAGE - STRINGER, SIDK

Defects Per Million Flight Hours

SAIFE MRR/SDR
Cracks De;ected
Prqflight 0.00 0.34
Service 3.33 0.69
Phase’ ' . 4,40 ' 0.76
Overhaul 2.87 307
Special 3.33 0,69
Total 13.43 6.05 |
Corrosion Detected | ff
Preflight 0.00 0.00 k
Service 0.47 0.07 E
Phase 0.97 0.07 p
Overhaul 0.23 0.54 b
Special 0.20 0.07 s
Total 1.87 0.75 E
Fail-Safe Damage 0.37 0.04 .ﬁ
Failures 0.07 —-— g
Service Damage 0.63 0.33 R
Production Defects 0.30 0.15 1
b
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TABLE 9 - Continued
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TABLE 9 - Concluded
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TABLE 10. DEMONSTRATION RESULTS FOR FUSELAGE - STRINGER, TOP

Defects Per Million Flight llours

SAIFE MRR/SDR
Cracks Detected
Preflight 0.00 0.00
Service 0.00 0.20
E: Phase 7.30 0.32
- Overhaul 3.03 2.78
- Special 2.53 3.38
k) —_— —_—
3 Total 12.86 6.69
i} Corrosion Detected
Preflight 0.00 0.00
- Service 0.00 0.00
- Phase 1.67 0.00
5 Overhaul 0.17 0.00
Special 0.17 0.00
Total 2.01 0.00
Fail-Safe Damage 0.67 0.00 3
Failures 0.00 .- g

Service Damage 0.63 0.06 k
Production Defects 0.33 0.33 : 4
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TABLE 10 - Continued
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TABLE 10 - Continued

AIRCRAFT TYPE) HYARID
MNP RERCRAP T EN-PLEBPT GG~ e e e o HACRART SERYICE LEPPT T SONG0 -HONY -
_ATRUCTURAL FLEMENT) FUR-TRSTORS 10D

PAEDICTED AVERAGE FATIGUE LIPF1 203130 MNURS ACTUAL AVERAGE FATIGNE LIFF1 108701 MOURS

w4 s e e e R ANIPPCTIN- NI ERVALE - - - e

AsLEVEL 2% WOURS
L PYO-HOURS

feteve
CoLEVEL 1000 WOURS
e e v arr e : DeLLVEL 12000 HOURA

A/C NO, 28 ENTFRS BERVICE 13500 HOURB €ROM BYART UOF BIMULATION

e it e et b B £ 408 2 e L e vaes o et s

“ERACKEINTH RN PRt
PND CRACK INITTATION OROJECTED AY (1P1A1A FLIANT HOURS
YAD CRACK INTTIATION PROJECTED AT 2029130 FLIGHT HOURS

PABT CRACK GROWTH RATE © ,00840% INCNES/NOUR
ENTERVAL INCRE AP -THPLENENTRD - - e
CaLEVEL INTERVAL NOW 1250 WOURA
DeLEVEL INTRRVAL NOW 15000 WOIRS
DLEVEL INSPECTION PERFORMEO ON A/C NO, 28 AT 12000 NOUNS
RPENO— U~ PAPRRTENCE S 18 CRAEK N EEEARLON A~ ARG —HOURG - s o o S

CRACK INTYAYES INTERNALLY
CLEMERT FAILURF PROJECTED AY  S{RA1 FLIGHT ROURY

n-LlV!L INTERVAL NOW {A780 WOURS
CULEVEL - INEPECT LON - PERPORMEO-ON--APC NOL PR~ kT 2P0 HOURE—
AIC ~0- 28 Ha8 INTERNAL FPIRST GRACK RFCONE EXTERNAL AT 2,74 INCHER AND  X1042 FLIGHY NOURS

ﬂ’ﬁ NO, PR HEACMES FAILSAFE STRENGTH AT 43%95 FLIGHT HOURS

INOPRECTION- THTERVAL - INCARAUO-INPLINEN L -
CoLEVEL INTERVAL NOw 148Y WOURNS
ﬂ-LIVIL !NY!IVAL NOW ‘\lll NOUI!

INIPIC'ION INT!QVIL INCREASE INDLIMIN‘!O
~HOtRS

n-LtV!L INSPFCYINN PERKORMED UN At Nh. ?0 AT a%780 NOURY

, ~ELENEN— P A FA R PO MO n e e
BUM OF CRACK LENGTHS AT PATLURE ® 64.42 INCHES
RESINUAL STRENGYH AT FATLUNE w B ULTINATE

INSPECTION INTENVAL DECREASE IMPLEMENYED

CalFVFL, INTERVAL NOW oRa WOLIRS
n-LrvtL lN!ruvuL Nnu nan\ unnun

l\![' Wing SPrCtal INSPECTTON Ptirnﬂﬂfh

INSPECTION TNTERVAL INCREASE TMPLENENTED
Ceol FVFL INTFRVAL NOW A%d HDLRY
D‘L(VfL YNYFDVAL NNN lﬁ?S“ NHUNS

CINSBECTION INTEMVAL INCREASE IMPLEWENTED
CoLEVE. INTERVAL NOw | OAR WIS
COWLEVEL TNTERVAL NAW 1 2AIT MOUWS e o

INSPECTINN INTERVAL INCREASE IMPLEMENTED
CUERLEYEL THYERRL MO 1338 NOURY o - e e
NaLFVEL INTERVAL NOw 14022 NOURS

NSPPCTTIIE THTPRVAL TNERFASE ML EMEN R o s om o i

CoLEVEL INTERVAL NOW 16089 HOURS
DeLEVEL TNTERVAL NOW 20027 WAURS
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TUU U ASLEVEL T TRTERYRL N TR000 Smntmes

TABLE 10 - Concluded

AYRCRAFY TVYBEy HYRRID
NilMAFR (7 ATRCRAFT (W FLEFYY 0N AERCHAFPT SERVICE | tFey WONNA NS

STRUCTURAL RLEMFNT) FUSLTR=TOB=] ADS

PRENTCTED AVENAGK FATIGUE LYREL 202070 ROURY ACTUAL AVERAGE FATIOUF L3IFE)  P4T719) HOURY

CINTTRAL INSPRCTION TNIFNVALY -

Aol EVEL 2% WOURN
* T RELPVEL  POO WS
CoLEVEL (000 HOURS
DolTVFL 12000 HOURS

TNSPECTION INTERVAL INCAEOBE ITMPLEMENTED
CoLEVEL INTERVAL NOW 1230 MNURS

INSRECTION TNTERVAL THCREASE IMPLEMENTED

COLPYERL INTRRVAL NOW 1903 wOtte]
DalLEVEL TNTERVEL NOW 18780 HOURS

A0 RO, 4R PRTPRY SERVICE  «ialh WIRIRS PROM- JTART OF SEuit dTTON -

137 CRACK INTTTATINN PROJECTED AT 24811 FLIGHT HOURS
“PNB CRACH - LUETIATION BROJICIEA-AR LARITE FLEGMY- HOURS- -
IRG CRACK INITEATION BRAJFCTEN AV PuR100 FLIGHT HOURY
SLOW CRAGK QROWTH RATE & ,000109 LNCHES/HOUR

FAOY ERACK ARMUTH RATE & [ GARNPR INFHENAHAUR

INSPECTION INTERVAL INCREASE TMPLFMENTID
G EVPL INTPRVAL NOW -t 041 MOt
DuLEVFL INTERVAL NOW 23438 MOURY

TOWUPYRL INSPRCPIAN BERPARLED ON A0 NN GRM AT - 1 POON-HONRS - - -

A/C NO, dRp EYPERIENCES (8T CRACK INTYTAYION AT 2591) W(MINY

CRACK TNETATEY ENTEMNALL Y
ELEMENT FALTLURE BROJECTEN AT SUASY FLIGHT NOURY

Dal FYEL TNAPECYION PEREURMED ON A/C NOY, AN AT NHEIR NOURG

APC MO, GRn HAS INTERNAL FIRAT CRACK RFCHME FRTERNAL AT 2,90 TNCHES AND  Hitdn KL EART RIWRE

AZC NOY, QAN REACHES FATL-SAFE JTRENGTYH AY  42%60 FLIGHY HOUNY
AZ2C NN, WAN CUPERINCEN FLEMENT FATLURF AY  SaROT FLIGHY HMIRY
SUM (OF CRACKM LENGYMN AY FATLURE ® 27,00 INCWPN
COREBEMIAL AVRENGTN AT PATLARE B0 P P IMATE -
TMAPECTION INTERVAL DFCRFASE TMPLEMENYED
CoLEVEL INVPAVAL NDW  -6fa HINIRR
NelLFVEL INTERVAL NDW  AQ0OL WIVIRY

FLEFY WINE SPFCTAL INSPECUION PERFOAMED
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TABLE 11, DEMONSTRATICN RESULTS FOR WING - ACCESS FRAMI

Cracks Detected

Preflight
Service
Phase
Overhaul
Special

Total
Corrosion Detected

Preflight
Service
Phase
Overhaul
Special

Total

Fail-Safe Damage
Failures

Service Damage
Production Defects

Defects Per Million Flight Hours
MRR/SDR

SAIFEB

OOBANWL

[ R 7 - ]
(=N BT R

10.79

2,63
2,00
2.73
0.03
0.03

7.42

0.00
0.00
0.00
0.00

0.04
G.49
0.40
0.81
0.77

2.51

0.00
0.00
0.00
0.00
0.00

0.00
0.18

- -

0.00
0.00
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TABLE 12. DEMONSTRATION RESULTS FOR WING - SPAR, AFT

PR RO

Defects Per Million Flight lours

SAIFE MRR/SDR
% Cracks Detected
L Preflight 0.83 0.11
k.. Service 2.30 1.62
g ) Phase 0.83 0.72
| Overhaul 0.03 1.89
- Special 0.00 4.42
fﬁl Total 3,99 8.76
¥\ Corrosion Detected
3 preflight 0.23 0,35 E
o Service 0.80 0.00 4
£ Phase 0.17 0.00 :
. Cverhaul 0.00 0.00
Special 0.00 0.00 i
Total 1.30 0.35
‘# 3 Fail-Safe Damage 0.00 0.04 4
) Failures 0.00 - 3
; Service Damage 0.10 0.00
Production Defects 0.10 0.04
. , ]
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TABLE 13. DEMONSTRATION RESULTS FOR WING - SPAR, CENTER

Defects Per Million Flight Hours

SAIFL MRR/SDR
Cracks Detected
Preflight 0.67 0.00
Service 0.90 0.00
Phase 1,20 0.00
B Overhaul 0.00 0.20
v Special 0.00 0.00
; —— .
A % Total 2.77 0.20
¥ Corrosion Detected
S| .
A Proflight 0.20 0,00 b
o Service 0.10 0.00 !
- Phase 0.93 0.00 o
3 Overhaul 0.06 0.00
L Spocial 0.00 0.00
.
; e e
| Total 1.29 0.00
Fail-Safe Duamage 0.00 0.02 .
Failures 0.00 .- ’
Service Damage 0.00 0.00
Production Defects 0.03 0.00
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'
l } TABLE 14. DEMONSTRATION RESULTS PFOR WING - SPAR, FORWARD f
- §
) - Defects Per Million Flight Hours »
W SAIFE MRR/SDR i
Cracks Detected !
Preflight 0.73 0.04 i
Service 1.67 0.49 P
Phase 0.90 0.40 :
Overhaul 0.00 0.81 :
Special 0.00 0.77 :
Total 3.30 2,51
q
3 Corrosion Detected
5 Preflight 0,10 0.00
N Service 0.90 0.00
Phase 0.10 0.00
Overhaul 0.00 0.00
Special 0,00 0,00 ,
Total 1.10 0.00
Fail-Safe Damage 0.00 0.18
Failures 0.00 .-
Service Damage 0.03 0.00
Production Defects 0.00 0.00
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; TABLE 15. DEMONSTRATION RESULTS FOR WING - STRINGER, AFT
B Defects Per Million Flight Hours
[ SAIFE MRR/SDR
'i Cracks Detected
- Preflight 4.30 0.20
E Service 7.77 0.77
y . Phase 7.17 0.20
£ Overhaul 0.83 0.85
- Special 1.50 1.37
. : Total 21.57 3.30
f}. Corrosion Detected
§ Preflight 0.43 0.02
-3 Service 0.77 0.02
. Phase 0.13 0.02
o Overhaul 0.10 0.02
. Special 0.53 0.02
) Total 1.96 0.10
£ i Fail-Safe Damage 0,00 0.04
aa Failures 0.00 c—e
ko . Service Damage 0.23 0.00
. . Production Defects 0.10 0.04
51
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f{ TABLE 16. DEMONSTRATION RESULTS FOR WING - STRINGER, CENTER

Defects Per Million Flight Hours
SAIFE MRR/SDR

Cracks Detected

il Preflight 5.30 0.15
- Service 10.30 0.22
*f Phase 11.27 0.64
) Overhaul 2,53 1.05
=" [ Special 2.33 1.49

o———y )

A Total 31.73 3.585
. Corrosion Detected

A} Preflight 0.40 0.00
Service C.7% 0.15
Phase 0.30 0.00
Overhaul 0.30 0,04
Special 0.50 0.33

Total 2.23 0.53

Fail-Safe Damage 0.00 0.28
Failures 0.00 -—- -
Service Damage 0.17 0.00
Production Defects 0.13 0.00
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TABLE 16 - Continued

AIRCRAFT TY(E: WYBRID
NUMHER F ALRCRAF) IN FLELTY %500 ATRCHAFT SERVICE LIFE 60000 HOURS
STRUCTURAL ELEMENY) WNGe3THaL3L«0294
PREDICTED AVFRAGE FAaTIGUE LIFLy 240120 WOURS ACTUAL AVFRAGE FATIGUEt LIFES 215924 HOURS

NUMRER AND TIME YO INITIAVION OF AJRCRAFY DEFECTY

) FIRYT CRACK CORROSLION SERVICE VANAGE PRODUCTYION DEFECYS
ssewsesusine LLIL LY LYY savepvenvessas LAA LI LTS AT LY Ll ] ]
OCCURRENCES ] 0 0 0
MINC(HRS) Wy, 0 0 woues
MAX(HRS ) 52699 0 0 masen
AVG(HRY) y5A77 0 0 ssuee

NUMHER AND LENGTM UF CRACKS DEYECTED AV EACH LEVEL OF INSPECTION

‘AeLbVEL UelEVEL CeLEVEL el EVEL SPECIAL

PRwsems SSmasume LA LA 2113 AL AL L2 L] SeupEIy
OCCURRENCEY 0 u [ 0 |
MINCIND 04 ouy o33 0, o8
MAX(IN) 0, 5% o83 0, 198
AVG(IN) 0. 2 53 0. + 98

NUMHER AND AREA OF CORRUOSION DEFECTS DETECTYED AY CLACH LEVEL OF INSPECTION

AelbVEL BalLEVEL CoLEVEL DelLEVEL SPECTIAL
Seeweses L1117 1) LA 3 2 L] ] oeassws LI LY 1] )
OCCURRENCES Q ] 9 ] 0
MINCIQ, IN) 0, 0, 0, 0, 0,
MAN(3Q,1IN) Q. 0, 0. 0. 0,
AVG(30,1IN) U, 0. [ 0. 0.
INSPECTION INTERVALS(HKS)
INIVIAL 2% 200 100¢ 12000
e . 29 200 12%0 15000
3 eS 200 1583 18750
] 25 200 19%) 2341
s 2% 200 [1.1] 8203
6 EA) 200 854 10254
? P2 200 1000 12000
L 25 e00 12%0 15000
9 2% 200 1963 18750

NUMHER UF SPECIAL INSPECTIUNG CUNDUCTEDY

NUMRER UF STHUCTURAL WQUIFICATIONS: 1

FINAL ACTUAL AVERAGE MONIBIED FATIGUE LIFER 159442 HOURS
NUMHER OF SIRCAAFT MODTEIED IN BERVICEQ ury

STRUGTURAL FAILURES RESIOUAL STRENGTH EQUALS FAILSSAPE STRENGTH
ATRCRAFT NU, FLY, HOURS AIRCHAFY NO, FLT, WOURS
ELI XL L L L AL} I T R L L L) N WOOBPOBUNBUDS . Seroudwewe

L T Tl
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TABLE 16 - Concluded

ATRCRAFT TYPEQ HYBRID
NUMAFER 1F ATRCHAFT IN FLEEY] 500 ALRCRAFT SERVICY LIFEL 60000 HOURS
STRUCTURAL ELEMENTY wNG=STReLYC=0MOY

PREDICTEN AVERAGE FATIGUE LIFED 16%600 HOURS ACYUAL AVERAGE FATIGUE LIFL) 110209 HOURS

NUMHER AND TIME 10 INITIATION UF ATHCRAFY DEFECT)

FIRST CHACR CORRQSION SERAVICE DAMAGE PROOUCYION DEFECTS
esuuagneonen "ePRUSEBRW D BSOS NRENPP TP YaVp YT aEaADUIsTatuEs
OCCURRENCES (1] 1 0 °
MIN(HRRS) 13319 1345 [ wases
MAX {HRS) 59964 1348} 0 Yy LT
AVG (HRS) [P LA) 1348¢ ) snsue

NIMEEN AND LENGTH OF CHACKS DEVECTED AT EACH LEVEL UF INSPECTYION

Ael TVEL BalEVEL CeLEVEL D=LEVEL SPECTAL

"essuen R RER nweeans LA LLL L 1] SupuERe
OCCURRENCES s 1 17 2 1
MINCIN) N7 W39 34 W80 o3
LIT IS LD 0 65 49 A 1,00
AVGLIN) L)) 1] W Lk} 57

NIIMBER AND AREA OF CORROSION DEFECTS DRTECTED AY EACH LEVEL OF INSPECTION

A=LEVEL RelEVEL CeLEVEL O=LEVEL SPECTAL

waLmRew Swenwuae *PeeBENY L AL L X L] LLL L 111 ]
OCCURRENCED 0 | 0 0 0
MIN{8Q,IN) 0, told [ 18 0, 0,
NAX(3Q,IN) 0, feld 0, O 0.
AVG (3R IN) 0, 1al2 0. 0, 0.

INSPECTIUN INTERVALS(HRS)

INTTIAL 2% 200 1000 12000
2 25 200 12580 15000

3 7% 200 1563 18790

4 25 200 195) 23488

S a% 200 680 8203

[} 2% 200 854 19254

1. es 200 1068 12817

A s 200 374 J4He

9 s 200 .7 $608

10 245 200 A1) Toto

NUMRER OF SPECTAL INIPLCTIINY CUNDUCYEDY 2

NUMARER OF STRUCTURAL MODLIKFICATIONSY

FINAL ACTUAL AVERAGE WODIFIED FATIGUE LIFES 1060827 HOURS
NUMBER OF ATRCHAFY MONIFIFD IN SERVICER [

STRUCTURAL FALLLURES RESIOUAL STRENGTH EAUALS FAIL=SAFE BTRENULIM
AIRCRAFY NO, FLY, HUURS AJRCRAFT NO, FLY, NOURY

PYTITT LT 'Y 1) cvpussvaas

LI XTI Y UL Y CYIT LT Y Y
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TABLE 17. DEMONSTRATION RESULTS FOR WING - STRINGER, FORWARD
i Defects Per Million Flight Hours
SAIFE MRR/SDR
?_ Cracks Detected
t’.
;- Preflight 4.50 0.21
& Service 8.37 0.71
Phase 7.40 1.04
Overhaul 0.93 1.69
. Special 1.43 1.04
Al —— [ERS—
i Total 22.63 4.69
ﬁ i Corrosion Detected
i)
E | Preflight 0.33 0.00
S Service 0.57 0.31
ﬁ" Phase 0.27 0.00
A Overhaul 0.23 0.10
. Special 0.67 0.00
Total 2.07 0.41
Fail-Safe Damage 0.00 0.07
Failures 0.00 .-
Service Damage 0.07 0.00
Production Defects 0.03 0.02
|
i
!
|
59 !
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TABLE 18. DEMONSTRATION RESULTS FOR WING CENTER SECTION -
STRINGER, AFT

Defects Per Million Flight Hours
SAIFL MRR/SDR

Cracks Detected

Preflight 0.00 0.00
Service 0.09 0.00
Phase 0.37 0.00
Overhaul 0,07 0.06
Special 0.00 0.06

Total 0.53 0.12
Corrosion Detected

Preflight 0,00 0.00
Service 0.57 0.03
Phase 2.10 0.03
Overhaul 0,03 0.00
Special 0.00 0.08

[ et 4 2m

Total 2.70 0.14

.00 0.00
.00 -
.00 0.00
.00 0.00

Fail-Safe Damage
Failures

Service Damage
Production Defects
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é[ TABLE 19, DEMONSTRATION RESULTS FOR WING CENTER SECTION -
STRINGER, CENTER
A ’ Defects Per Million Flight Hours
» SAIFRB MRR/SDR
Eg Cracks Dectected
] Preflight 0.00 0. 04 :
Service 0.43 0.04
Phase 0.83 0.04
Overhaul 0.07 0.40
Special 0.00 0.18 i
Total 1.33 0. 70 i
Corrosion Detected
Preflight 0.00 0.08 k
Service 0.70 0,30 E
Phase 1.57 0.00 -
Overhaul 0.07 - 0.93 .
Special 0.00 0.46 3
Total 2.34 1.77 :
y
Fail-Safe Damage 0.00 0.17 4
Failures 0.00 “--- "
Service Damage 0,00 0.00 |
Production Defects 0.00 0.04 -
65
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‘ TABLE 20. DEMONSTRATION RESULTS FOR WING CENTER SECTION -
T STRINGER, FORWARD

Dofects Per Million Flight Hours

SAIFE MRR/SDR
\ Cracks Detected i
Preflight 0.00 0.00 :
S Service 0.17 0.25 !
v Phase 0.37 0.45
L Overhaul 0.00 0.14
. Special 0,00 2.76
i Total 0.54 3.60
i Corrosion Detected
i Preflight 0.00 0,00
N Service 0.50 0.03
P Phase 1.53 0.00
# Overhaul 0.00 0.05
o Special 0.00 0.03
A Total 2.03 0.11
0 , Fail-Safe Damage 0.00 0.11
2 Failures 0.00 -
; Sorvice Damage 0.00 0.00
3 ’ Production Defects 0.00 0.00
s




MITLETL T R am e T g e

sosvcsscvons Lo LT Ty ¥ o

“as °vis s¥O0n "4 *On 1svalaly ‘On *94S Saunum *114 *Gn 13ve38ly
WiON3MLS F4vEe1Ivs SIFADY HINIELS IYNGISIM S3aniivd Ivanilnals

2 3331A43S NI QG3131COm 13ve38Iv 40 2368aNN

0 1SnU1SYII3IG0m TvanidnsssS 30 839mNN

bl 30353NCN0T SNG1123aSNI Tv133dS S0 43BmON

ggog2 £S61 o2 52 1839867

6uael 0001 002 sé iS3180M8

90021 0901 002 5é TriiiInl

{Sex;STvA2IIN] XDN]11J33a8N]1

*0 °0 £6°S 1e°1 ‘0 IN1°DE)9AY

°0 °0 92°¢2 252 ‘9 (nI°BS)x¥N

] ‘0 to°t 99° ‘0 (NI°0S)MInm

0 0 T 4 ] ] $3I%388Nn330
1v13348 I3A30=0 13A37=2 13A3V=8 343Ny

8011334881 40 13230 #IVI 1Y 031233130 $133430 NOTISOEa00 40 vINVY UNY A3BmfiN

i ] L® £a* ‘g (NI)3AY

‘o0 ‘0 21 521 *0 (NI)X¥m

‘0 *0 £e° sg* ‘0 (NIINIm

0 o 9 ? [ $32a3880230
[ 42 2 23 1 1 ] L r 1 ry ] e r ¥ I X 3 E L B 2 1 ¥ J L ¥ Ty
WI33dS 13a37=0 13A31=2 aETERZT] aET¥alls

NOI1D34SNI 30 T3A37 «3¥3 1v 03423130 SxIvEd 47 HISNIT CaT¥ a38mNN

PN 9 3190¢
csoce 2 omISs
cooes 1] OOQM
L 9 9¢
-0 L2 2 1 2 2 X ¥ 13 ¥ 3 L2 D 1 o 2 ¥ 2 3
$133430 ~G113NnC0Nd 3%¥nvd 331Am3s NOISOs203

Y39 4 (San)SAY
16065 (SHHI XYW
1829 {SUHININ
[-3 $32n338N3230

AI¥NI S8l

$133330 (4vu3NIv 40 ~0NILvILINDI O)1 3wl OmY 338mNy

48 Tou15-3SM 33iN3W3T3 AvaN1INHLS 30 ASTaniS

SBNGH 00009 13417 32IAN38 1dvaIuly

00%

QlugArn 334AL1 13vadxiy

peanurjuoc) -~ 0z IT4VL

113374 NI 14vadniv 30 338mNiN

69

" siaeng s

v
e

T anlyeanieag e ek

o

R

AP

pteri

valali




e e —

svssnscsse escsacsscssvcsas

*CN °*WiS Sanadx *114 *On f4veldxlv "uN *¥1S SanitM *iT4 “On 1dvadaly
H13NIELS FA¥S-TIv4 SIHi03 ~29nTF8iS 9l GIS3s S3IaNIvy vatiidnais

o $331AM43S N1 Ul 410Us 14%2I8TT 401 23HAON

[ SSNUTIWII41Chm TYani13ii81S 30 43HmNN

a 2UJLINCNUD SKNO1LED3aSN] T¥1D4dS 40 2IBmNN

9502 £581 0a2 (74 1839MM

0uoel Qoot 0aé se 1S 4180ng

ouoet 000l ape Y4 IILINT

(Sar)SIvabIIN]l NO1133dSNT

] ‘0 0°9 gi*e ‘o (N1"6S)9AY

°0 ‘0 Lo*Gl 12°v ‘o0 (NI°OS)xYm

s ‘o £0°1 £0°1 ‘0 (NI°ES)INIn

] 0 vl i 9 S3I82¥N330
Iv133d4$ RELYRLII T3A3T=3 13A47=8 3230y

~OIL2348NT 4N I3IA3Y H3¥3 1Y 43133330 S123430 NOISOUMDD 40 v3av ONY H38nON

*0 ‘0 L6°1 2L*i °0 (n1)9AY

] ] si*e 2L ‘o (NI)X¥N

‘0 *c 11°1 2i°1 ‘0 (KI)nInm

'] 0 < I G S3ITInINANI2N
cacacas vcocase cosncss wecmmsm comeman
Ivid348 J3A31=3 T3A31=2 RETLE RIJ- 13A3 -7y

NOI1334SNT 30 Y3IAST wIv3 (v G3104130 SHIVAD 40 #19NIT ANV aidniNn

{20t
0ileS
1w9S
8e

cassacsss

NOIS0%800

coec o

39vmy( 331A83S

$1J33430 NO1:3NQ0H4d

bgode (Sur) Ay
0Leng (SuH) XYW
[2Y-F (Sarinin
9 $35n3nanNd30

coscoseoccan

#»Jvnd 1Sald

$133440 L4vadxly 30 NOIAVILINLD 01 dall OGNV o dnwiiN

4STi=21S=0Sw 21in3a373 IYANIIONES 303 A2VmaflS

S¥N0H 00009 33417 337A03S 14vEddlvy usc

Qlasin 3344l )4¥838is

papniduo] - (7 FIdyvl

-

13374 NI 14vad¥lv JU a3En0N

70

-

alalad

M A




;¢ I

Eg ‘

.

!';._';l,

8

|

'f . TABLE 21. DEMONSTRATION RESULTS FOR WING CENTER SECTION - 5
&' SPANWISE BEAM, AFT

s

o Defects Per Million Flight Hours

SAIFE MRR/SDR

L Cracks Detected

Preflight 0.00 0.04

K Service 0.20 0.12

- Phase 0.10 0.04

. Overhaul 0.00 0.28

- Special 0.03 0.12

i — R 3
X Total 0.33 0.60 b
i | Corrosion Detected ]
Preflight 0.00 0.00 ¥
% . Service 0.03 0.04 '
K Phase H.00 0.00

. Overhaul 0.13 0.04

f‘ Special 0.07 0.00

1 Total 0.23 0.17 i
,H? Fail-Safe Damage 0.00 0.00 é
. Failures 0.00 ---- K
- Service Damage 0.13 0.00 .
L Production Defects 0.00 0,00 .
1 i
L
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TABLE 22, DEMONSTRATION RESULTS FOR WING CENTER SECTION
SPANWISE BEAM, CENTER

&; : Defects Per Million Flight lours
S ' SAIFE MRR/SDR
| Cracks lletected

Preflight 0.00 0.00
Service 0.10 0.02
Phase 0.03 0,02
Overhaul 0.00 0.19
Special 0.00 0.060
Total 0.13 0.23

Corrosion Detected

Preflight 0.00 0.00
Service 0.00 0.00
Phase 0.03 0.09
Overhaul 0.13 0.00
Special ¢.10 0,00
Total 0.26 0,09
Fail-Safe Damage 0.00 0. 00
Failures 0,00 s
Service Damage 0.03 0.00
Production Defects 0.00 0.00
73
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TABLE 23. DEMONSTRATION RESULTS FOR WING CENTER SECTION -
SPANWISE BEAM, FORWARD

o Defects Per Million Flight Hours 4
o SAIFE MRR/SDR 9
Crack. Detected %
Preflight 0.00 0.00
Service 0.10 0.14 3
Phase 0.03 0.29
Overhaul 0.03 0.07
Special 0.07 1.24 E
Total 0.23 1.74 E
Corrosion Detected
Preflight 0.00 0.00
Service 0.10 0.13 g
Phase 0.07 0.00 _
Ovevhaul 0.07 0.00 1
Special 0.03 0.00 8
Total 0.27 0.13
Fail-Safe Damage 0.00 0.09
Failures 0.00 - i
Service Damage 0.03 0.09 4
Production Defects 0.00 0.00 :
75
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TABLE 24,
DOOR FRAME

- Cracks Dotected

Preflight
Service
Phase
Overhaul
Special

Total
Corrosion DNetected

Preflight
Service
Phase
Overhaul
Special

Total

Fail-Safe Damage
Failures

Service Damage
Production Defects

COMPARISCN OF

RESULTS IN DEMONSTRATION STAGES FOR

Defects per Million Flight Hours - SAIEE

lst

——a

1.97
2.23
21.30
2!80
1.80

30.10

0.43
0.03
1.46
0.90
0.13

0.00
0.00
0.43
(.00

17

2nd

.46

.20
17
.03

DN DO

4.39

0.57
0.33
0.70
0.10
0.00

1.70

0.00
0.00
0.27
0.00

Ird

0.40
0.47
3.40
0.03
0.03

4.33

0.40
0.57
0.70
0.00
0.00

1.67

0.00
0.00
0.43
0.00

Final

0.53
.60
2.63
0.13
0.00

3.89

0.47
0.30
1.00
0,00
0.00

- e motian.

1.77

0.00
0.00
0.27
0.00

e b




TABLE 25, ' OMPARISON OF RESULTS IN DEMONSTRATION STAGES FOR
\ 1-IG CENTER SECTION - SPANWISE BEAM, AFT

Defocts por Million Flight lours - SAIFE ;
1st 2nd 3rd Final 3
— = i
Cracks Detected -
b
Preflight 0.00 0.00 0,00 b
Service 0.73 0.13 0.20 Lo
Phaso 0.90 0.00 0.10 rod
Overhaul 1.27 0.00 0.00 ;
: Special 0.93 0.00 0.03 I
: R T 5 N |
Total 3.83 0.13 = 0.33 |
i B
i Corrosion Detected P
{ Proflight 0. 00 0.00 < 0.00
4 Service 0.00 0.13 s 0.03 -
1 Phase 0.03 0.07 - 0.00 |t
4 Overhaul 0,27 0,00 o 0.13 I
Sypecial 0,13 0.03 o 0,07 ;
'l —— e = L
3 Total 0.43 0.23 0,23
34 4
%3 Fail-Safe¢ Damage 0.07 0.00 0.00 d
T Failures 0.00 0.00 0.00 o
11 Service Damage 0.20 0.03 0.13
3 Production DNefects 0.03 0.00 0.00




TABLE 26. COMPARISON OF RESULTS IN DEMONSTRATION STAGIS TFOR
WING CENTER SECTION - SPANWISE BEAM, CENTER

Defects per Million Flight Hours - SAIFL

lst Znd 3rd Final
Cracks Detected
Preflight 0.00 0.00 0.00

- Service 0.67 0.03 0.10
é& Phase 1,03 0.03 0.03
I Overhaul 1.63 0.07 0.00
;t Special 1.10 0.00 0.00
. — e o —_—
. Total 4.4% 0.13 % 0.13
-l ~
e Corrosion Detected g
L &
i Preflight 0.00 0.00 = 0.00
L Service 0.03 0.10 s 0.09
; Phase 0.07 0.00 Z 0.03
- Overhaul 0.27 0.13 o 0.13 5
Special 0,23 0.10 ) 0.10 A
i — e a —_— g
-’ Total 0,50 0.33 0.26
= Fail-Safe Damage 0.03 0.00 0.00
C: Failures 0.03 0.00 0.00 E

Service Damage 0.10 0.07 0.03

Production Defects 0.00 0.00 0,00 i

L R B L o o 4 A e i i
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I
TABLL 27, COMPARISON OF RESULTS IN DEMONSTRATION STAGES FOR
WING CENTER SLECTION - SPANWISE BLAM, FORWARD
£ Defects per Million Flight Hours - SATVE : ;
i 1st 2nd 3rd Vinal
;1 Cracks Detected 3
3 Preflight 0.00 0,00 0,00 ]
j - Service 1.00 0.03 0.10
3 Phase 1.53 0.00 0.03
B Overhaul 1.40 0.03 0.03
2 Special 2.40 0.03 0.07
—————— DU [}) P
Total 6.33 0.09 % 0.23
L Corrosion Dotected, E
P 5 Do
;o Preflight 0.00 0.00 i 0.00 . N
. Service 0.03 0.07 o 0.10 3
s Phase 0.03 0.03 P 0,07 4
Overhaul 0.13 0.07 - 0.07 i
Special ) 0.33 0.00 g 0.03 g
————n s R fam] amsn— _“ "

Total .52 0.17 0.27

Failures 0.10 0.03 0.00
Service Damage 0.23 0,03 0.03

1

E

*Wl Fail-Safe Damage 0.23 0.03 0.00
l Production Nefects 0.00 0.00 0.00
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ADPPENDIX A

The results of AFS-510 demonstration with the revised model are presented in
this Appendix A to Volume V. The tables roughly correspond with the tables of
Volume V, A sample of the demonstration case, using approximately 10% of the
elements on the complete airplane, was also run using the sampling technique
developed, and these results are also presented in Tables 1, 2A and 28.

The ratio of total number of cracks deteocted In the simulation to the nuaber of
cracks reported in MRR's (Column (a) of table 1) did not change greatly (2.30
and 3.02 for demo and sample vs. 3.17 for original demo) from the ariginal
Tech, Inc. demonstration and for the reasons given in Volume V, is congidered
realistic.

The ratio of the total number of cracks occurring in the simulatlon, (o cracks
detected (column (b) table 1) has increased (2.74 and 2.5]1 for demo and sample
vs., 1.88 for original demo) from the original Tech Inc. demonstration., 'Tis is
attributed to the lower inspection reliability used in the revised
demonstration. This lower inspection reliability is considered more realistic
as it based on a rational analysis of actual MRR reports. 'The higher ratio is
also some-what supported by an USAF study in which it was determined by a
compiete structural teardown and NDI insgpection on two KC-135 full scale wing
fatigue tests, that only one-fifth of the cracks present wore found in the
normal test inspection program.

Columns (c¢) and (d) of table 1 list the larger cracks experienced in the full
demonstration and the sample, The sample results are based on the extrapolation
method of predicting largest cracks in the complete fleet based on the
distribution of the frequency and length of cracks in the sample. The agreement
between the full demonstration and the sample is good, indicating that 70 to 90
of fuil safe crack length would be equaled or cxceeded 5 times in the life of
the fleet and that cracks as large as 161% (full demo, 31 inches in side
stringer) and 135 of fail-safe length (sample, 26 inches also in side stringer)
would occur. These large cracks did not cause any failures in these particular
simulation runs. ‘'the capability to predict the percent of fail-safce length
equaled or exceeded by the 5 largest cracks was added to the sample.

Columns (e) and (f) of table 1 give the estimated failure vates based on two
different estimation methods for both the full demonstration and sample. The
method of column (e) merely divides the failure rates of the sanmple by the
decimal percent of the sample. This method ignores the possibitity that the
larger exposure in a simulation of the complete airplane would result in longer
cracks with a much higher risk of failure. The method of lunn (1) is based oo
extrapolation of the sample crack frequency, length and probability of tailuve
to cover the complete airplane. This method is oonsidered more realistic. 'The
sample and full demonstration failuve rate estimates ave in reasonable agreement
although, the sample fallure rate estimates are gencvally lower. Great credence
should not be placed on the absolute value of the ostimated failure rates
because the input and relationships in the simulation are only approximate and
because of the statistical nature of the simulation, the vesults may varvy
considerably from run to run. However, it is of intcerest to note that the
simulation, which is evaluating a typical wide-body design operating under
typical inspecticn programs and practices, predicts failure rates (5.83 x 10 -10
for full demo, 2.54 x 10 for sample) which meet the widely acceptad criteria
of less than one failure in 10 9 alrplane hours, As would be expected

Y
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for these failure rates, no failure occurred in a simulation covering § x 10 7
airplane flight hours. “"Failure" is defined as the complete structure being no
longer capable of supporting the flight or pressure loads, as applicable.

Sample estimates of failure rates and the percent of fail-safe crack length
equaled or exceeded by the 5 largest cracks will be used in the forthcoming
parametric trend studies to gauge the effect on safety by varying design
parameters, inspection programs and operating practices. Crack length was added
as an indicator because failure rate estimates are quite volatile,

Table 2A simulation results show good agreemont with MRR data in the pereent of
cracks detected at each inspection level. Approximately 674 of the cracks were
detected in the simulation in the c¢lose or detailed inspection (overhaul and
special) compared to 78% reported in the MRR's. Only 20 to 30% of the cracks
were detected in area or cursory type ingpections. Here again, there is good
agreement between the full demonstration and sample, and the revised simulation
is much closer to MRR experience than the initial simulation reported in

volume V,

Table 2B shows good correlation between the average length crack detectoed in the
aample (1.718 inches) the full demonstration (1.515 inches) and the MRR's (1.567
inches) and improved correlation over the initial demonstration (.95 inches with
unreallstic fusclage side frame reosults removed). This ilmproved oorrelation
supports the lower inspection reliability curves, based on MRR studics, and used
in the revised program demonstration,

The summavy of full demonstration results are given in tables 3 through 24 for
each element type. Table 8 in Volume V was amnitted because fuselage bottom
stringers were not included in the full demonstration as progressive
gircumferential failures were mot considored probable because of the low stress
and the primary compressive loading of this structuve.

The fuselage side stringers and wing lower surface center stringers dominate the
failure rate prediction for flight structure and the fuselage window frames
dominate the failure rate for pressure structure in the particular simulation
run made for the full demonstration. 'The complete three page short list
computer priatout is included in table 9 for the risk dominating fuselage side
stringer element (station 1100). The first page lists the random number seeds
needed to duplicate the run; aircraft number for aircraft which expoerience
corrosion, production or service damage; the simulation time at which first
crack is discovered; inspection, modification and repair costs and simulation
time for ecach modification evaluation; and cracks found in internal inspection.
The second page is the standard short list and the third page gives aircraft
number or each element which cracks; aircraft flight hours when the crack was
terminated by repair, modification, retirement or failure; crack length at
termination; and probability of failure associated the crack in each clement.
From the short list and input for station 1100 it can be deduced that the
dominating crack was initiated by service damage at 21447 flight hours on
aircratt number 408, was external and grew without detection to 19.44 inches at
58255 flignt hours and to 31.19 inches at retirement at 60,000 flight nhours
without experiencing a load in excess of residual strength, A and B level
inspections were not considered effective In this area and non exploratory C and
D inspections were being made at 3520 to 4399 and 23,730 to 29663 hour intervals
during this period with the knowledge that one crack had been found in this
area. 'The problem illustrated by this case does mot lend itselt to easy
solution. The actual fatigue life was adequate and the frequency of ooustly

s
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o detailed inspections would have to be significantly increased to assure
§ detection of fatigue cracks initiated by random service damage.

P The short list computer printout is also included in Table 16 for the visk

o dominating wing lower surface center stringer elements (stations 0543 & 0807).

o Station 0543 element had a marginal fatigue lite (i.e., 66752 hours vs. 120,000

v hours) but as indicated by a fatigue test life of 9,999,999 hours, did not have

a valid fatique test and service repair and inspection costs did mot justify a

service modification; the D inspection intevval was roduced as o result of

. service cracks but the dominate fatigue crack of 2.91 inches was never detoected

: prior to retirement. 'This type of problem could be alleviated by a move

i complete or realistic fatigue test., Similar to fuselage stringer 1100, the

K dominate crack (4.23 inches) in station 0807 element was also initiated early by
B service damage and not detected prior to retirement under the long ingpection

- intervals late in the program. However in this case the actual fatigue lite was

marginal but was not detected in a valid fatigue test and service oracks did not

. generate a service modification or an ingpection interval reduction,

¢ A short list computer printout is also included in table 4 for the risk
o dominating fusclage window frame element (station 0930), The short list and

input data indicate that the initial element actual tatigue life was maryinal,
b This was detected in the fatigue test thus generating a production madification
e but no retrofit on early service aircraft. Due to an ervor in the program, the

?{ : production modification was not fatigue tosted and had a higher but still

[ marginal fatigue life. Service cracks detected on carly unmadified eloments

E-" ; generated a double reduction in the external D inspection interval to 2481 hours
o but no increase in sampling as no cracks were ever found ih the internal

1 gampling inspections. Apparently two internal cracks initiated simulatancously
g _ on opposite corners on aircraft 489 and grew at twice the rate of o single crack
S to a total length of 6.8 inches before becoming external. These cracks wore

: subsequently missed in several external non-oxplovatory D and C inspoctions (A
and B inspections were not considered effective for this arca) and gqrew Lo a
total length B,08 inches when terminated by retiremont. 'this type of problem

s

- could be alleviated by fatigue testing of modifications, more thorough

e evaluation and investigation of cracks detected in service and more frequent

I internal sampling. K
Conclusions

g A comparison between the results of the full demonstration, suample simulat ions
' and past service experience indicates that the revised program and input are

reasonably realistic and that the sampling technique is adequate for use in K
trend studies of model parameters. These studies could be used as an ald in )
evaluation design and ingpection criteria and practices. Responsible intevestoed :
parties may obtain computer card decks for the program, demonstration and sample ;
inputs on loan for duplication from AFS-510, Acronautical Center, toderal
Aviation Administration, Oklahoma City, Oklahoma. d
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pPreflight
Service
Phase
Overhaul
Special

Total

COMPARISON OF CRACKS DETECTED AT EACH INSPECTION

Cracks

Detected

24.87
20.89
208,49
147.24
38.69

260.18

TABLE 2A

R MILL

% of
Total

9.56
8.03
10,95
56.59
14.87

100.00

SAMPLE

Cracks
Detected

25.34
20,81
29.86
200.45
47.51

323.98

% of
Total

7.82
6.42
9.22
61.87
14.66

100.00

MRR-SDR

Cracks
Netected

$ of
Total

2.87
7.93
10.94
24.21
21.14

67.09

4.3
11.8
16.3
36.1
31.5

100.0

o i, 8
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TABLE 2B COMPARISON OF SIZE OF CRACKS DETECTED

FULL
Average Length
(inches)

Preflight 1.573
Service 1.719
Phase 1.688
Overhaul 1.375
Special 1.771
Fuselage Total 1.741
Wing Total 1.118
Total 1.515

*

SAMPLE
Average Length
{inches)

1.943
1.812
2.505
1.467
2.014
1.815
1.470
1.718

All reports, assuming 5/8" length when not reported.

88
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MRR-SDR

Average Length
Where reported
(inches)

———

1.99
2.16
2.089 (1.567)%*
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TABLE 3.

DEMONSTRATION RESL'TS FOR DOOR FRAME

(FUS-DOR-FRM & FUS DOR-FRF)

Defects Per Million Flight Hours

i SAIFE (*) MRR/SDR
- Crack Detected
Preflight 0.00 (0.00) 0.16
Service 0.47 (0,00) 0.08
Phase 1.73 (0.20) 0.93
Overhaul 5.54 (0.07) 0.55
Special 3.13 (0.33) 0,08
Total 10.87 (0.60) .80
' Corrosion Detected
Preflight 0.00 (0.00) 0.00
Service 0.74 (0.07) 0.06
Phase 0.20 (0.00) 0.12
Overhaul 14.93 (13.33) 0.12
N Special 0.33 (0.00) 0.00
Total 16,78 (13.40) 0.30

0.00 (0,00) 0.02
0.00 (0.00) w——-
0.23 (0.00) 0.15
0.00 (0.00) 0.00

% Fail-Safe Damage
. Failures

: Service Damage
Production Defects

(*) FUS-DOR-FRF

only
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4 | TABLE 4, DEMONSTRATION RESULTS FOR WINDOW FRAME
P (FUS-WIN-FRM & FUS-WIN-FRF)
- Defects Per Million Flight Hours i
| SAIFE (%)  MRR/SDR
| Cruck Detected
- Preflight 0.00 (0.00) 0.06 !
Service 0,00 (0.00) 0,06
i Phase 2.74 (0.67) 0.12
. Overhaul 13.40 (0.80) 0.67
g Special 2.86 (0.33) 0,18
! Total 19.00 (7. 1.09 i
|-
54 ! El
3 Corrosion Detected ]
| Preflight 0.00 (0.00) 0.0z ]
| Service 0.00 (0.00) 0,00 i
. | Phase 0.00 (0.00) 0.02 ;
- Overhaul 0.27 (0,07) 0.02 ]
g Special 0.00 (0.00) 0,02 j
i Total 0.7 56.6‘7% 0.08 ;
o "
! Fail-Safe Damage 0.00 (0.00) 0.02 :
' Failures 0.00 (0.23) === oo
Service Damage 0.43 (0.07) 0.18 ;
Production Defects 0.23 (0.23} 0.00 1

(*) FUS-WIN-FRF only

i
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FT TS, 79 1 e TR

4 TABLE 5. DEMONSTRATION RESULTS FOR FUSELAGE -
g MAIN FRAME, BOTTOM
Defacts Per Million Flight Hours
j SAIFE HRR/SDR
Crack Detected
Preflight 5.83 0,57
2 Service 2,80 0.67
_ Phase 1.30 0.47
: Overhaul 9.80 1.53
1 Special 1,27 0,38
Corrosion Detected
Praflight 0.43 0.34
Service 0.13 1.10
Phase 0,07 0.41
- 3 Overhaul 1.83 1.99
£ Special 0.63 0.55
Fail-Safe Damage 0.00 0.22
Failures 0.00 —=
Service Damage 0.73 0.44
Production Defects 0.17 0.06

98
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TABLE 6. DEMORSTRATION RESULTS FOR FUSELAGE - MAIN FRAME,
SIDE (FUS-MFR-SID & FUS-MFF-51D)

pefecta Per Million Flight Hours
SAIFE {*) R
Crack Detected
0.00 (0.00) 0©.34

e oot YT

Preflight

Service 0.00 (0.00) 0.69
Phase 4,80 (1,40) 0.76
Overhaul 29,07 (8.67) 3.57

special 10.06 (5.33) 0.69
Total H.W&“»’. T(T{' .05

Corroaion Detected

preflight 0.00 (0,00) 0.00
Service 0.00 (0,00) 0.07
Phase 0.20 (0.13) 0.07
Overhaul 2.00 {1.33) 0.54

3 Special 0.20 %0.07) 0.07
3 Total . . 6' ’§

.00 {0,00) 0.04
.00 (0,00) =——-
.50 (0.03) 0.33
.07 (0.00) 0.15

rail-Safe Damage
Fallures

Service Damage
pProduction Defects

OCoOO

(%) FUS=MFF-SID only

o
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TABLE 7. DEMONSTRATION RESULTS FOR FUSELAGE - MAIN FRAME, TOP

Defecta Per Million Flight Hours

o BAIFE  MRR/SDR
; Crack Datected
[ Preflight 0,00 0.00
Service 0.00 0.00
' Phage 2,23 2.80
Py Overhaul 6.07 1,57
{ Special 1,37 1.14
oo : Total 5.67 57
g Corroaion Detacted
[ Preflight 0.00 G.00
Service 0,00 0.00
Phaae 0.07 0.00
Overhaul 0.33 0.00
| Special 0.07 0.00
O Total 0.47 0.00
Fail-Safe Damage 0.00 0.00
Failuren 0.00 ——
sorvice Damage 0.3 0.02
Production Defecta 0.10 0.1%
|
|
3
\ 3
F
|
! |
N
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TABLE 8. FUSELAGE - STRINGER, BOTTOM (NOT INCLUDED IN REVISED DEMONSTRATION , o
1
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TABLE 9. DEMONSTRATION RESULTS FOR FUSELAGE - STRINGER, SIDE
Defect:s Per Million Flight Hours

SAIPFE MRR/SDR
Crack Detected - ;A
Preflight 0.00 0.34 o
Service 0.00 0.69 i
Phase 1.80 0.76 :
Overhaul 14.40 3.5
Special 4,87 0,69
Total 21,07 6.05
Corrosion Detected
Preflight 0.00 0.00
Sexrvice 0.00 0.07
Phase 0.73 0.07
Overhaul 1.40 0.54
Special 0.07 0.07
Total Z.20 0.7s
Fail-Safe Damage 0.03 0.04
Failures 0.00 ——
Service Damage 0.20 0.33
Production Defects 0.17 0.15
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TABLE 10. DEMONSTRATION RESULTS ROR FUSELAGE - STRINGER, TUP

Defects Per Million Flight Hours

SALFE ﬂﬁm
Crack Detected
|
Preflight 0.00 0.00 -
Service 0.00 0.20 '
Phage 1.53 0.33
Overhaul 5.70 2,78 ‘
Special 2.07 3.38 1
Total 9.30 §.69
3 Corrusion Detected
it Preflight 0.00 0.00
iR Service .00 0.00 3
¥ Phase 0.53 0.00
. Overhaul 0.83 0.00
i Special 0.03 0.00
- Total . . :
[ Fail-5afe Damage 0.00 0.00 i
, t Failures 0.00 ——— ,
E Service Damage 0.20 0.06 j
& oroduction Defects 0.07 0.33 4
oy "3
F ot
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TABLE 1l. DEMONSTRATION RESULTS FOR WING - ACCESS FRAME
] Defecte Per Million Flight Hours
! SAIFE
8 Crack Detected
|
) Preflight 2.1 0.04
4 Service 1.93 0.49
":- * Phaae 0;53 0.40
. Overhaul 2,87 0.81
X Special 1.00 0.77
: Total B.66 5T
Corrosion Detected
Preflight 3.13 0.00
L Service 2.27 0.00
{g Phase 0.73 0.00
M Overhaul 2.5 0.00
e Special 0.53 0.00
I Total 3.5 0.00
Fall-Safe Damage 0.00 0.18 ‘
£ Failures 0.00 —— '
- Survice Damage 0.07 0.00
Production Defects 0.00 0.00
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TABLE 12. DEMONSTRATION RESULTS FOR WING -~ SPAR, AFT d
(WNG-SPR-AFT & WNG-SPS-AFT)

E Defects Per Million Flight Hours
! SAIFE (*) MRR/SDR
i Crack Detected

o i« e i N R ek

Preflight 0.40 (0.00) 0.11

Service 0.47 (0.00) 1.62

Phase 1.13 (0.20) 0.72

Overhaul 3.34 (1.27) 1.89

Special 0.40 (0.20) 4.42 7

Total 5.4 51.37) 8.76 1
Corrosion Detected {

Preflight 0.20 (0.00) 0.35

Service 0.07 (0.00) 0,00 .

Phase 0.07 (0.00) 0.00 |

Overhaul 0.20 (0.00) 0.00 ]

Special 0.07 (0.00) 0.00 :

Total 0.61 (0,00) 0.35

Fail-Safe Damage 0 (0.00) 0.04

0.
Failures c.
0.
0.

o
—~
[=]
.
[ =]
o
|
i, il e

Service Damage

0

o -

00 (0.00) 0.00
Production Defects 0

3 (0.00) 0.04

e kL

(*) WNG-SPS~AFT only
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o TABLE 13, DEMONSTRATION RESULTS FOR WING ~ SPAR, CENTER

J Defects Per Million Flight Hours
SAIFE MRR/SDR

3 Crack Detected

)

(- Preflight 4,47 0.00

b Service 3.60 0.00

. Phase 2,40 0,00

5 Overhaul 16,60 0.20

3 Special 6.47 0.00

s

éi' Corrosion Detected

oy

A Preflight 0.33 0.00

14 Service 0.00 0.00

t: Phase 0,07 0.00

g Overhaul 0.27 0.00
Special 0.20 0.00

8 Total 0,87 .
Fail-Safe Damage 0.0 0.02
Failures 0,00 —
Service Damage 0.00 0.00
| Production Defects 0.00 0.00

47 1 j
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TABLE 14, DEMONSTRATION RESULTS FOR WING - SPAR, PFOWARD

Crack Datected

Preflight
Service
Phase
Overhaul
Special
Total

Corrosion Detected

Preflight
Service
Phase
Overhaul
Speclal’
Total

Fall-Safe Damage
Failures

Service Damage
Production Defecta

Dafects Per Million Flight Hours

120

SAIFE

[~ N =N ==Y
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g

0.20
0.07
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TABLE 15,

Crack Detected

Preflight
Service
Phase
Overhaul
Special
Total

Corrosion Detected

Preflight
Service
Phase
Overhaul
Special
Total

Fail~Safe Damage
Fallures

Service Damage
Production Defects

(*) WNG-STS-AFT only

DEMONSTRATION RESULTS FOR WING - STRINGER, AFT

(WNG-STR=-AFT & WNG-STS-AFT)

Defects Per Million Flight Hours

SAIFE (%) MRR/SDR
5.27 (1.27) 0.20
6.20 (0.60) 0.77
2.87 (0.07) 0,20
22,20 (2.27) 0.85
2.80 (0,33) 1.37
D.1 SI.Slg 3.9

0.00 (0.00)
0.00 (0.00)
0.20 (0.60)
0.00 (0,00)

0.02
0.02
¢.02
0.02
0.02

0.04
0.00
0.04
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TABLE 16. DEMONSTRATION RESULTS FOR WING - STRINGER, CENTER
) Defects Per Million Flight Hours
; SAIFE MRR/SOR
Crack Detected
: Preflight 3.67 0.15
¥ Service 4.20 0.22
: Phase 2.33 0.64
Overhaul 11.80 1.05
i Special 2.07 1,40
i ' Total . 3a 55
X’ Corrosion Detected
Y Preflight 0.60 0.00
s Service 2.07 0.15
i Phase 0.40 0.04
; Overhaul 0.93 0.00
3 Special 0.27 0.33
2 Total .27 0.52
i Fail-safe Damage 0.00 0.28
;o Failures 0.00 ———
' Service Damage 0.13 0.00
¢ Production Defects 0.00 0.00
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A : TABLE 17, DEMCNSTRATION RESULTS FOR WING =~ STRINGER, FORWARD

E- Defecta Per Million Flight Hours
SALFE MRR/SDR

2 Crack Detected

3 Preflight 0.13 0.21

FE Sexvice 1.00 0.N

i Phase 0.80 1,04

i Overhaul 0.87 1.69

i Special 0.00 1,04

“ Total 7,80 L)

Corrosion Deteacted

Preflight 0,53 0,00
Service 1.00 0.31
Phase 0,40 0.00
Overhaul 0.87 0.10
Special 0,00 0.00
, Total 7.8 as
] Fail-Safe Damage 0.00 0.07
i Failures 0.00 ——
g Service Damage 0,03 0.00
i Production Defects 0.00 0.02
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! TABLE 18. DEMONSTRATION RESULTS FOR WING — CENTER LECTION
STRINGER, AFT (WSC-STR-AFT & WSC-STS-AL')

|

1 Defects Per Million Flight Hours
{ BAIFE (*)  MRR/SDR
|
]
i

Crack Datected

Preflight 0.00 (0.00) 0,00
. Service 0,00 (0.00) 0.00
: Phase 0.53 (0.53) 0.00
i Overhaul 0.27 (0.27) 0.06
[ . Special 0.27 (0.27) 0.06
| Total 1,07 (1.07y 0.12
!
3 E Corrosion Cetected
- Preflight 0.00 (0.05; 0.00
o Service 0.00 (0.00) 0.03
- Phase 0.27 (0.07) 0,03
| Overhaul 0.26 (0.13) 0.00
4 Special 0.13 %0.13) 0.08
_: Total . . UOII
S
| Fail-Safe Damage 0.00 (0.00) 0,00
b Fallures 0.00 (0,00) =——-
i Service Damage 0.00 (0.00) 0.00
3 Production Defects 6.00 (0,00) 0.00
- (%) WSC-STS-AFT only
L
|
p |

il B ey
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. TABLE 19, DEMONSTRATION RESULTS FOR WING - CENTER SECTION 1
3 STRINGER, CENTER :
| Defects Fer Million Flight Hours
1 SAIFE MRR/SDR

: Crack Detected

) Y Preflight 0.00 0.04
! Service 0,00 0.04

Phase 0,00 0,04 ’
3 Overhaul 0.00 0,40
Al Special 0.00 0.18
- i Total 0.0o0 0.7

i ! Corroasion Detaected
. | Proflight 0.00 0.08 f
g Service 0,00 0,30
o Phase 0.00 0.00
. Overhaul 0.67 0.93
- Special 0.00 0.46
i
1 l‘
8 Fail-Safe Damage 0.00 0.17
- Falluves 0,00 ———
& - Service Damage 0.00 0.00
Production Defects 0.00 .04
1 4b

i et 5 2 e L A e o S - R e Wt S o et T S e 2 = . .
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TABLE 20,

Crack Detected

DEMONSTRATION RESULTS FOR WING - CENTER SECTTON
STRINGER, FORWARD

Defacts Per Million Flight tours
SAIFE MRR/SDR

Preflight 0.00 0.00

Service 0.00 0.25
Phage 0.00 0.4%
Overhaul 0.00 0.14
Special 0.00 2.76
Total 0.00 3.60

Corroaion Detected :
Preflight 0.00 0.00
Service 0.00 0,03
Phase 0.33 0.00
Overhaul 0.73 0.05
Special 0.00 (.03
Total 1.06 0.11
Fail-Safe Damage 0.00 0.11
Fallures 0.00 = =-e

Service Damage 0.00 0.00 i
Production Defects G.00 0.00
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Crack Detected

B T

zo Preflight
' Service
Phase

i Overhaul
. Special
E Total

Corrosion Detected

Preflight
Service
Phase
Overhaul
Special
Total

» Fail~Safe Damage
g Failures

- Service Damage
A Production Defects

(*) WSC-SWS—-AFT only

Defects Per Million Flight llours

SAIFE (*)

TABLE 21. DEMONSTRATION RESULTS FOR WING ~ CENTER SECTION
SPANWISE. BEAM, AFT (WSC-SWB-AFT & W3C~-SWS-AFT)

MRR/SDR

0.00 (0.00)
0.00 (0.00)
0.20 (0.20)
1.93 (1.93)

0.13 %0.13;
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i
TABLE 22, DEMONSTRATION RESULTS FOR WING - CENTER SECTION
SPAWISE BEAM, CENTER
- Defects Per Million Flight Hours
SAIFE MRR/SOR
§ Crack Detected
1
) Preflight 0.00 0.00
L Service 0.00 0.02
e | Phage 0.00 0.02
- Overhaul 0.00 0.19
| Special 0.00 0.00
i g Total 5.0 0.23
i
. Corrosion Detected
.- Preflight 0.00 0.00
Service 0.00 0.00
Phase ' 0.00 0.09
e ._. Smial 0.00 0.00
Total 0.13 0.09%
2 Fail-Safe Damage 0.00 0.00
= Failures 0.00 -
- S Service Damage 0.00 0.00
g | Production Defects 0.00 0.00
. P } b
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TABLE 23. DEMONSTRATION RESULTS FOR WING - CENTER SECTTON -
SPANWISE BEAM, FORWARD

Defects Per Million Flight Hours

SAIFE MRR/SDR
Crack Detected
¥ Preflight 0.00 0.00
: TN Service 0.00 0.24
! Phase 0.00 2.29
Overhaul 0.00 0.07
) Total 0.00 I.73
|
' Corrosion Detected
Preflight 0,00 0.00
Service 0.00 0.13
Phase 0,07 0.00 i
Overhoul €.00 .00 i
Special 0.00 0.00 v
Total 0.07 [B&) '!
Erll l
. Fail-Safe Damage 0.00 0.09 :
e Fallures 0.00 ———— :
s Service bamage 0.00 0.09
Production Defects 0.00 0,00
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